SECM Imaging of Patterned Mammalian Cells
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Microbiochips containing arrays of immobhili zed
oligonucleotides or proteins has been appeaed to be the
most promising technology for high-throughput analysis
in medicd bhiology. Our group has recently reported an
antibody-chip combined with scanning eledrochemicad
microscopy (SECM), ¥ which is akind of scanning probe
microscope equipping a microeledrode to afford images
of locd eledrochemicd properties.

In the present work, we attempt to fabricae a
microbiochip based on arrays of mammalian cdls. We
have drealy reported that the SECM imaging of the
reduction current of oxygen around cdlsis one of suitable
ways to clarify the influences of chemicd stimulations on
the célular status. 2 In order to fabricate a bio-chip-
deviceusing living cell s as a sensing element, however, it
is neal to place cés in predetermined locaions with
defined shapes and sizes. The "Micro-Contad-Printing"
developed by Prof. Whitesides and his coworkers is the
technique suiting for the fabrication of such cdl-chip, ¥
while most of their reseach are based on thiol-SAM on a
gold substrate. Since such conductive substrate is often
troublesome for SECM imaging, we modified their
procedure to achieve dired stamping of proteins on an
insulating gass sibstrate.

Polydimethylsiloxane (PDMS) stamp (Figure 14)
was prepared by using a photoresist pattern as a template,
and pretreged with O, plasma to make its surface
hydrophilic. A fibronedin (FN) solution (2.8 x 10°
mg/ml) was dropped onto the stump surface (0.1 ml /
cm?®) and dried for 5 min. The resulting FN-coated stamp
was put on a hydrophobic glass plate and incubated for 1
hour. After rinsing throughly with PBS, the substrate was
further incubated in BSA / PBS solution (0.3 mg / ml).
The blocking effect of BSA layer to the cdl adhesion was
previousy examined by quartz aysta microbalance
(QCM). The resulting protein-patterned substrate was
then incubated in the alture medium containing cdl
suspension of Hel.a céls (3 x 10° cdls/ ml). Figure 1b
shows microscope image of HelLa cdls that have been
seledively attached to the pattern of fibronedin. The
SECM imaging was caried out in a10 mM HEPES/ 160
mM NaCl buffered solution, as described previously. A
Pt-disk microeledrode (5 um in radius) was sanned over
the cdl pattern (10 un above the substrate) with
monitoring oxygen at -0.5 V vs. Ag/AgCl. Figure 1c
shows the SECM images of the patterned HeLa clls.
The eab areawith low oxygen reduction current (dark
areas) coincides roughly with the cdl pattern, giving the
respiratory adivity of cdls. We prepared also a line-and-
gspace pattern of Hela cells and observed higher
respiratory adivity, while the eperiments were
preliminary.

The patterning of bovine arta endothelia cdl
(BAEC) has been also attempted for investigating the
contad inhibition of cdl proliferation and the nature of
cdl-cdl junction within the endathelial tissue.
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Figure 1

(a) A photograph of PDMS stamp used in this gudy. (b)
A microscope image of the patterned Hela cdls on a
glass plate. (c) SECM image based on the reduction
current of oxygen, taken for the enclosed part of (b).



